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UPDATE IN PREVENTION

Human Papillomavirus: 
The Usefulness of Risk Factors 
in Determining Who Should 
Get Vaccinated
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Vaccination against human papillomavirus (HPV) promises to dramatically
decrease the incidence of HPV-related diseases, including cervical cancer.
Although this vaccine is recommended by the Advisory Committee on Immu-
nization Practices and The American College of Obstetricians and Gynecolo-
gists for all age-eligible women, challenges related to the vaccine’s high cost
and the difficulty in reaching some patients for vaccination may make imple-
mentation of this recommendation difficult. As an alternative strategy, some
may consider targeting HPV vaccines to specific patients based on their risk
for HPV infection or HPV-related disease. This article reviews what is known
about risk factors for HPV, and discusses why using risk factors as the basis
for targeting HPV vaccination is unlikely to be a viable vaccination strategy.
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In June 2006, the US Food and Drug Administration licensed the first vaccine
against human papillomavirus (HPV) for use in the United States.1 This vac-
cine promises to dramatically reduce the incidence of HPV-related diseases

such as cervical dysplasia, cervical and other anogenital cancers, and genital
warts. The Advisory Committee on Immunization Practices (ACIP) recommends
that all 11- to 12-year-old girls be vaccinated against HPV routinely, with com-
prehensive catch-up vaccination suggested for girls and women ages 13 to 26
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who have not yet received the vaccine
and vaccination allowable for girls as
young as age 9 who are perceived to
be at high risk.2 In keeping with this
comprehensive approach, The Ameri-
can College of Obstetricians and
Gynecologists (ACOG) also recom-
mends vaccination of girls and
women within the eligible age range.3

Although a comprehensive vacci-
nation strategy would maximize the
vaccine’s impact on HPV-related dis-
ease, implementation of this type of
strategy may prove difficult as
providers, patients, and parents of pa-
tients struggle to overcome chal-
lenges related to the vaccine’s high
cost, and because of the logistical
challenges of getting certain popula-
tions of patients vaccinated. Because
of these obstacles, an alternative vac-
cination strategy that some might
consider is to vaccinate only certain
subpopulations of women based on
their risk of HPV infection or HPV-
related disease. A targeted approach

such as this has been suggested by the
American Cancer Society which, for
women ages 19 to 26, recommends
that HPV vaccination occur in the
context of a discussion with the med-
ical provider to weigh the likelihood
of previous HPV exposure with the
vaccine’s financial cost and the po-
tential benefits of vaccination.4 This
article reviews what is known about
risk factors for HPV infection and dis-
ease, and discusses some of the pit-
falls of using risk factors as a basis for
targeted HPV vaccination approaches.

Risk Factors and the Cervical
Oncogenesis Pathway
Cervical carcinogenesis following
HPV infection is a multistep process
that typically occurs over several
years or even decades (Figure 1), al-
though recent research suggests that
in some women this process may be
significantly accelerated.5,6 According
to this multistep model, persistent in-
fection with certain high-risk strains
of HPV precedes the development of
precancerous lesions, which, if left
untreated, can develop into invasive
cervical cancer. Progression through

this pathway is limited, however. De-
spite more than 6.2 million new HPV
infections each year in the United
States,7 only a small proportion of
women infected with high-risk HPV
go on to develop precancerous lesions
and even fewer develop invasive cer-
vical cancer (11,070 cases of cervical
cancer in the United States estimated
for 2008).8 This pattern of vastly more
HPV infections than HPV-related
neoplasia appears to be independent
of cervical cancer screening measures
because it has been observed even in

populations where routine cervical
cancer screening is not widely avail-
able.9 This discrepancy has generated
much interest in understanding the
risk factors that affect the transitions
between these various pathway ele-
ments. Thus, when discussing risk
factors for HPV, it is useful to con-
sider them in terms of the location(s)
in the pathway they affect. However,
it is important to note that because
HPV vaccines must be provided be-
fore vaccine-type HPV infection oc-
curs, any risk factor–based ap-
proaches to HPV vaccination would
need to focus specifically on those
factors associated with the acquisition
of HPV infection, rather than down-
stream events.

Biologically Based Risk Factors
One useful way to categorize risk fac-
tors is based on whether they have
primarily a biological or behavioral
basis (Table 1). Biologically based risk
factors primarily affect downstream
transitions in the oncogenesis path-
way, rather than risk for acquiring
HPV, and include characteristics of the
HPV virus itself and intrinsic host fac-
tors affecting immune response.
Known or proposed host factors in-
clude immunosupression and human
immunodeficiency virus infection, co-
occurrence of other sexually transmit-
ted infections such as Chlamydia tra-
chomatis and herpes simplex virus,
micronutrient deficiencies (eg, ly-
copene, beta-carotene, vitamins C
and E, lutein), genetic polymorphisms
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Figure 1. Stages in the development of cervical cancer. Acquisition of human papillomavirus (HPV) occurs via sex-
ual contact. Most infections clear spontaneously, generally within 1 to 2 years. Persistent infections, which can last
10 or more years, lead to high-grade cervical lesions and eventually invasive cervical cancer if left untreated. Low-
grade cervical lesions often regress spontaneously, but can also progress to higher grade lesions (pre-cancer) and
cancer. Adapted from Burchell AN et al.20

Although a comprehensive vaccination strategy would maximize the vac-
cine’s impact on human papillomavirus (HPV)-related disease, implemen-
tation of this type of strategy may prove difficult as providers, patients, and
parents of patients struggle to overcome challenges related to the vaccine’s
high cost, and because of the logistical challenges of getting certain popula-
tions of patients vaccinated.

RIOG0029_09-15.qxd  9/15/08  8:10 PM  Page 123



Risk Factors and HPV Vaccination continued

124 VOL. 1 NO. 3  2008   REVIEWS IN OBSTETRICS & GYNECOLOGY

in the human leukocyte antigen (HLA)
system, and patient age.10-19 For most
of these factors, it has been difficult
to determine whether they affect the
transition from incident to persistent
infection, from persistent infection to
high-grade cervical dysplasia, or
both. A full description of the rela-
tionship between these various host
factors and HPV is beyond the scope
of this article, but more detailed in-
formation can be found in several re-
cent reviews covering this topic.19-23

Age is an intrinsic host factor that
merits extra attention because it is one
of the few biologically based factors
that is associated with risk for acquir-
ing HPV infection in addition to its
association with downstream events
in the oncogenesis pathway. Because
of this, age might be considered by
providers who are attempting to tar-
get HPV vaccination based on a
woman’s risk profile. Numerous stud-
ies have demonstrated an increased
risk of HPV infection at younger
ages—the highest prevalence of HPV

occurs among adolescents and young
adults between the ages of 15 and
25,20,24-26 and it is believed that more
than 75% of new HPV infections
occur in individuals of this age
range.7 This increased risk for infec-
tion among younger women has been
postulated to be related to the lack of
adaptive immune responses and/or
the relatively large area of cervical
epithelium undergoing squamous
metaplasia in this age group, which
may enhance the opportunity for HPV
DNA to infect the basal cell layer
where it can then proliferate.27,28 It is
notable that a second (though lower)
peak in HPV prevalence also occurs in
women over age 55 in some popula-
tions, possibly due to waning immu-
nity, reactivation of latent infection,
or birth-cohort effects.29,30

In addition to risk of HPV infection,
age is also associated with risk of
viral persistence. As age increases, so
too does the possibility that a given
high-risk HPV infection will persist.
This relationship is postulated to be

due to waning immune effects or
characteristics of the virus itself,21,30,31

although the exact relationship be-
tween age, infection, and viral persis-
tence is still being investigated.

Important viral factors include the
specific type of HPV causing infec-
tion, whether coinfection with multi-
ple HPVs occurs, and viral load. HPV
types are generally classified as high
risk or low risk depending on their as-
sociation with cervical cancer. This
classification represents the terminal
end of the oncogenesis pathway and
is mediated by upstream, HPV
type–specific effects on risk for viral
persistence and progression to high-
grade dysplasia. HPV 16 in particular
has been shown to take longer to clear
and to be more frequently associated
with high-grade cervical lesions
and cancer in several populations
than other HPV types.32-36 The effect
of multiple infections on risk of infec-
tion acquisition and persistence has
been less straightforward, with stud-
ies showing both an increased risk or
no change in risk in these outcomes
when coinfection with multiple
HPV types was detected.22,35,37-39 Sim-
ilarly, the role of viral load is also not
clear. Increasing viral load has been
shown in cross-sectional studies to
correlate with an increased risk of
cervical cancer, but longitudinal stud-
ies assessing patterns of viral load
over time and their association with
progression through the HPV oncoge-
nesis pathway is less convincing
(reviewed in Wang and Hildesheim19).
Variations in the HPV detection tech-
niques used in these studies make a
direct comparison of their findings
difficult, adding to the uncertainty re-
garding the relationship between HPV
virus characteristics and cervical
oncogenesis. 

Behaviorally Based Risk Factors
Behaviorally based risk factors pri-
marily affect the acquisition of HPV

Table 1 
Risk Factors Known or Postulated to Be Associated

With HPV Infection or HPV-Related Disease

Biologically Based Behaviorally Based

Host Factors Sexual History–Related Factors
Immunosupression Lifetime number of sex partners
HIV infection Recent new partner
Coinfection with other STDs Older sex partner
Micronutrient deficiencies Oral contraceptive use
Genetic polymorphisms Pattern of condom use
Age at exposure to HPV Parity
Age at first menarche Partner’s number of partners

Marital status

Viral Factors Substance Use–Related Factors
HPV type Heavy alcohol use
Coinfection with multiple HPV types Sex while impaired by alcohol
Viral load Current or previous cigarette use

Current or previous illicit drug use

HIV, human immunodeficiency virus; HPV, human papillomavirus; STD, sexually transmitted
disease.
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infection and are logical factors to
consider in risk-based HPV vaccina-
tion strategies. Behaviorally based
risk factors include characteristics of
a woman’s sexual history (number of
partners, characteristics of the part-
ners, contraceptive use, parity) and
substance use history (alcohol, ciga-
rettes, illicit drugs). Of the sexual his-
tory characteristics, increasing num-
ber of lifetime sexual partners and
having had a recent, new sexual part-
ner are 2 factors that have been con-
sistently shown to be associated with

an increased risk of HPV infection.40-43

Having an older sexual partner (1.5-2
years older) also appears to be associ-
ated with increased infection with
HPV, although fewer studies have in-
vestigated this relationship.26,41,44 The
association between oral contracep-
tive (OCP) use and HPV has been less
straightforward to assess, with some
studies showing an increased associa-
tion between current or long-term
OCP use and HPV infection, persis-
tence, or development of cervical le-
sions, whereas others do not.17,40,42,45-49

Similarly, the effect of regular con-
dom use on preventing HPV infection
or development of HPV-associated
cervical lesions has also shown mixed
results. A recent meta-analysis sug-
gested that although condom use does
not decrease risk of becoming in-
fected with HPV, it may lower the
chances of developing subsequent
cervical neoplasia.50

The impact of substance use on risk
for HPV infection and related disease
has been similarly difficult to assess.
Current or past cigarette smoking has
been associated with acquisition of

HPV infection, progression to precan-
cerous lesions, and cervical cancer in
a few studies, but most have failed to
support this connection.40,42,45,51,52 Far
fewer studies have assessed the role of
illicit drug use and HPV infection
and/or related diseases, and results of
these studies also show mixed associ-
ations.26,44,53 One of the reasons these
associations may be so varied is be-
cause substance use may in fact be a
marker for other, unmeasured, sexual
behaviors that influence risk of HPV
infection. 

Risk Factors and Targeted
HPV Vaccination
Although much is now known about
risk factors associated with HPV in-
fection and progression through the
cervical oncogenesis pathway, few
studies have assessed the impact of
using risk factors to target HPV vac-
cination to specific populations of
women. Historically, risk factor–based
approaches to vaccination in the
United States have had mixed results.
For example, risk-based approaches
to hepatitis A vaccination of children
were so successful that hepatitis A
rates in high prevalence states where
vaccination had been targeted fell
below that of states with initially
lower prevalence where the vaccine
had not been systematically used.
This eventually led the ACIP to rec-
ommend the hepatitis A vaccine for
routine use in all children in all states,
so that low levels of disease could be
achieved nationally.54 In contrast, risk
factor–based approaches to hepatitis
B vaccination were largely unsuccess-
ful. Rates of infection continued to
rise several years after risk-based

vaccination strategies were imple-
mented.55 It was not until a universal
strategy of routinely vaccinating all
infants against hepatitis B was
adopted that rates of infection began
to decline dramatically.56

A recently published study at-
tempted to evaluate the impact of
using risk factors for HPV infection as
a mechanism to select specific individ-
uals for HPV vaccination.44 As in other
studies, this study also found an asso-
ciation between current HPV infection
and a variety of behaviorally based
risk factors. However, when the au-
thors estimated the population level
impact of selectively vaccinating only
those women with a particular behav-
ioral risk factor (or as an alternative
strategy, vaccinating only those
women who did not have that risk fac-
tor), they found that a large proportion
of HPV-naive women (ie, those that
were not positive for HPV at the time
of the study) were left unvaccinated.
Taking an example from that study,
the authors describe how selectively
vaccinating women with a history of
having an older sex partner would
cause approximately 3 million women
with this risk factor to be vaccinated,
and approximately 1.2 million women
without this risk factor to remain un-
vaccinated. Of the 1.2 million unvacci-
nated women, more than 95% (1.1 mil-
lion) had no evidence of current HPV
infection in the study. The impact of
this latter finding is substantial be-
cause women without previous expo-
sure to vaccine-type HPV are those
with the greatest potential to benefit
from HPV vaccination because the
vaccine must be given prior to vac-
cine-type infection to be effective.
Similar results were found for the
other risk factors assessed, leading the
authors to conclude that a woman’s
risk profile lacked the sensitivity or
specificity needed to accurately target
women for HPV vaccination. These
findings support the recommendations

Of the sexual history characteristics, increasing number of lifetime sexual
partners and having had a recent, new sexual partner are 2 factors that have
been consistently shown to be associated with an increased risk of HPV
infection.
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set forth by the ACIP and ACOG for
universal HPV vaccination of all age-
eligible women.2,3

In a separate, parallel study, the
same authors also attempted to eval-
uate the relationship between behav-
iorally based risk factors in adoles-
cence and subsequent risk for HPV
infection as a young adult.57 The
premise of this study was that current
HPV vaccine recommendations focus
primarily on adolescents, yet several
studies had shown reluctance on the
part of parents and physicians, in-
cluding gynecologists, to vaccinate
adolescents they believed to be at low
risk for HPV.58-61 This study, which
evaluated behaviorally based risk fac-
tors for sexually active and virginal
adolescents separately, found essen-
tially no association between these
risk factors and future HPV infection
as a sexually active young adult.
Even sexual activity status during
adolescence was not associated with
this outcome. These results further
underscore the conclusion that risk
factors are not a viable mechanism to

select women for HPV vaccination as
risk factor assessment at an individ-
ual level does not appear to ade-
quately target those who could most
benefit from receiving the vaccine. 

Conclusions
Given the ubiquity of HPV infection
among young sexually active individ-
uals, it is not all that surprising that
risk factor–based strategies for HPV
vaccination would be of little practi-
cal value. Accumulating evidence
demonstrates that nearly all individu-
als who become sexually active are
at substantial risk of acquiring HPV
infection. Thus, defining the at-risk
group under this condition is essen-
tially impossible. Comprehensive vac-
cination of all age-eligible women
remains the only viable alternative to
ensure that the majority of women
who will be exposed to HPV in their
lifetime are afforded the protection
provided by HPV vaccines.

Infection with HPV is, however,
only the first step in the pathway to
cervical cancer. Much research has

been undertaken to understand the
cofactors that cause an individual to
progress through the various stages of
the oncogenesis pathway. Despite the
plethora of research, until the rela-
tionships between these factors and
progression through the pathway are
better understood, all women should
continue to undergo routine cervical
cancer screening, regardless of their
HPV vaccination status. 
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